INTRODUCTION
============

The proper management of intestinal obstruction has been a clinical challenge for surgeons for decades \[[@B1][@B2]\]. Once ischemic change develops, the mortality rate increases 2 to 10 times \[[@B3]\]. For this reason, various trials have examined ischemic change in the bowel among patients with intestinal obstruction to determine the most important predictive factors as well as proper management. For example, a recent study has suggested a multivariate prediction model that includes patient symptoms and findings from abdominopelvic CT \[[@B4]\]. Other researchers have proposed that the CRP levels increase with the severity of bacterial translocation during acute intestinal obstruction \[[@B5]\]. Nonetheless, even with these efforts, predicting the need for surgical intervention in patients with intestinal obstruction remains difficult.

However, the delta neutrophil index (DNI) was recently introduced as a new indicator of immature granulocytes \[[@B6]\], which indicate an infection or sepsis. Furthermore, the DNI has shown significant associations with disease severity and mortality among various diseases such as septic shock \[[@B6][@B7][@B8]\]. Therefore, given this strong correlation with infectious status, we evaluated the impact of the DNI as an early predictor of surgical intervention in patients with intestinal obstruction.

METHODS
=======

Patients
--------

The medical records of 171 patients who were diagnosed with postoperative intestinal obstruction from January 2009 to December 2013 were extracted from our database and reviewed. All patients had a previous history of laparotomy and were initially treated using a conservative strategy. Patients who required immediate surgery for strangulated bowel at the time of diagnosis or those with intestinal obstruction such as gastrointestinal malignancy, inflammatory bowel disease, or incarcerated hernia were excluded.

Symptoms of intestinal obstruction include nausea, vomiting, abdominal distension, and intermittent abdominal pain. Plain abdominal X-ray radiographs showed definite air-fluid levels in the small bowel but no evidence of gas within the colon. Blood chemistry and laboratory tests, including the CRP level, WBC count, and DNI, were performed for all 171 patients upon admission.

The DNI was analyzed by an automatic cell analyzer (ADIVA 2120 Hematology system, Siemens Healthcare, Erlangen, Germany). DNI was calculated using the following formula:

DNI = \[neutrophil and eosinophil subfraction measured in the myeloperoxidase (MPO) channel by cytochemical MPO reaction\] -- \[polymorphonuclear (PMN) subfraction measured in the nuclear lobularity channel by the reflected light beam\]

Treatment protocol
------------------

Because there were no signs of strangulation, conservative management was the first choice of treatment for all 171 patients. Decompression with a nasogastric tube and intravenous fluid resuscitation was performed. The patients were encouraged to start ambulation to recover bowel movement. If gas passage was confirmed with improvement on radiologic findings, the nasogastric tube was removed and the diet was built up.

Indications for surgical intervention were based on close monitoring of clinical symptoms and serial radiologic findings. The final decision for surgical intervention was made by each patient\'s surgeon.

Statistical analysis
--------------------

IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) was used for all statistical analyses. Categorical variables were analyzed using chi-square tests or Fisher exact tests, and continuous variables were analyzed using Mann-Whitney U-tests. Univariate and multivariate analyses were performed using logistic regression analysis. P \< 0.05 was considered statistically significant.

Receiver operating characteristic (ROC) curves were generated to clarify the optimal DNI cutoff level for predicting surgical intervention. The role of the DNI in predicting surgical intervention was evaluated by the area under the ROC curve (AUC). The optimal cutoff level was determined by drawing a line connecting the points nearest to the left-upper corner. This method for determining the optimal cutoff level accounts for the trade-off between sensitivity and specificity over a continuous range \[[@B9]\].

RESULTS
=======

The clinical characteristics of enrolled patients are described in [Table 1](#T1){ref-type="table"}. The median age of the patients was 60 years old and gastrointestinal surgery was the most common type of previous operation. The median initial DNI value was 0.8% (range, 0.0%--22.4%). Surgical intervention was performed on 38 patients (22.2%) ([Table 1](#T1){ref-type="table"}). Of the 38 patients, 23 patients had operations due to adhesion band without bowel ischemia. Thirteen patients underwent bowel resections due to bowel ischemia, and the other 2 patients underwent bypass surgeries for intestinal obstruction caused by recurrent cancer. The median initial DNI value was not significantly different between patients with and patients without surgical intervention (0.9% vs. 1.0%, respectively, P = 0.929) ([Fig. 1](#F1){ref-type="fig"}).

Generation of the ROC curve for the DNI
---------------------------------------

The ROC curve demonstrated that the optimal DNI cutoff level for predicting surgical intervention in patients with postoperative intestinal obstruction was 4.3%. This cutoff level had a sensitivity of 23.7%, a specificity of 89.5%, and an accuracy of 74.9% ([Fig. 2](#F2){ref-type="fig"}). The AUC was 0.543 (≥0.5), which suggests that the DNI has a role in predicting surgical intervention. The initial CRP and WBC count values failed to demonstrate a role as a predictor of surgical intervention.

The surgical intervention rate and the DNI cutoff level
-------------------------------------------------------

When we compared the surgical intervention rate with the DNI cutoff level, we found that patients with an initial DNI ≥ 4.3% underwent surgical intervention more frequently (DNI ≥ 4.3% = 39.1% vs. DNI \< 4.3% = 19.6%); results were statistically significant (P = 0.036). In addition, patients with an initial DNI ≥ 4.3% showed higher CRP levels compared to patients with an initial DNI \< 4.3% (DNI ≥ 4.3% = 51.0 mg/L vs. DNI \< 4.3% = 2.7 mg/L, P = 0.001) ([Table 2](#T2){ref-type="table"}). In the multivariate risk factor analysis including other clinically related factors, an initial DNI ≥ 4.3% was the only significant predictor of surgical intervention ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

In this study, we found that surgical intervention was needed more often among patients with an initial DNI ≥ 4.3% than among patients with an initial DNI \< 4.3%. Moreover, having a DNI ≥ 4.3% at admission was the sole factor in predicting the need for surgical intervention among patients with postoperative intestinal obstruction.

Many studies have attempted to define the optimal prediction model for determining the need for surgical intervention among patients with intestinal obstruction. For example, Zielinski et al. \[[@B10]\] recently proposed and validated a multivariate small-bowel obstruction model to predict the necessity of surgical intervention based on 4 risk factors including vomiting, small bowel feces sign, free intraperitoneal fluid, and mesenteric edema \[[@B4]\]. On the other hand, another study has suggested a simple model using age, the presence of ascites, and drainage volume through a decompression tube \[[@B11]\]. However, a consensus regarding the proper time for surgical intervention in cases of intestinal obstruction has not been reached.

In light of this, the DNI, which corresponds to the fraction of immature granulocytes in the circulating blood, has been introduced as a prognostic marker for various diseases \[[@B12][@B13][@B14]\], especially sepsis \[[@B6][@B7][@B8][@B15][@B16]\] and bacteremia \[[@B17][@B18][@B19]\]. Since the DNI can be easily calculated from the peripheral circulating blood by subtracting the fraction of mature PMN leukocytes from the sum of MPO-reactive cells, its correlation with patient prognosis has been well established.

However, an experimental model of intestinal obstruction demonstrated that the mucosal barrier was disrupted after 24 hours in all intestinal obstruction cases \[[@B20]\]. This then allows bacteria to migrate through this disrupted mucosa to the systemic circulation and can cause sepsis \[[@B21][@B22]\]. A subsequent elevation of the immature/total granulocyte ratio or the banded neutrophil count, i.e., left-shift, can then occur \[[@B23]\]. Therefore, the mechanism of bowel ischemia must be considered in cases of intestinal obstruction. Thus, we hypothesized that the DNI might help detect the moment when bacterial translocation causes sepsis and thus signals a need for surgical intervention among patients with intestinal obstruction.

This study has some limitations. For example, we were not able to standardize the treatment for all patients as the treatment depended on the individual surgeon\'s preference. Furthermore, because of the retrospective nature of this analysis, the evaluation tool for disease progress and improvement could not be scheduled in a regular format. Most importantly, the optimal cutoff value of the DNI (≥4.3%) showed a low discriminatory power (sensitivity of 23.7%) and detected only 9 of 38 patients who underwent surgery. However, given that the mean interval between admission and operation was 5.3 days, this might be because some surgeons decided to intervene surgically even in patients without evidence of septic condition. Finally, even though our hypothesis was based on the organic relationship between bacterial location, the DNI, and septic condition in patients with postoperative intestinal obstruction, further prospective studies using strict standardization of the treatment methods are needed to help clarify the results.

In conclusion, even though postoperative intestinal obstruction is usually managed based on clinical symptoms and the preference of the surgeon, our results indicate that the initial DNI level in patients with intestinal obstruction can be a useful predictor for determining surgical intervention.
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###### Patient characteristics (n = 171)
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Values are presented as number (%), median (range), or mean ± standard deviation.

DNI, delta neutrophil index.

###### Comparison of surgical intervention rate according to baseline level of DNI
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Values are presented as number (%) or median (range).

DNI, delta neutrophil index.

###### Risk factor analysis of surgical intervention
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OR, odds ratio; CI, confidence interval; DNI, delta neutrophil index.
